BENCHMARKS
RNeasy-purified RNA yields reverse transcription PCR (RT-PCR) products of the expected size and renders contaminating gDNA undetectable by a PCR assay. Accordingly, this method allows reliable RT-PCR analyses of both genes exhibiting retropseudogenes and genes without introns. There have been reports of primer pairs for GAPDH (8) and ACTB (16) that were specially designed to exclude amplification of retropseudogenes. However, this method is time-consuming, and appropriate primer pairs have to be designed for every new gene analyzed. By contrast, the procedure described in this report is efficient and can be readily used with any existing primer pairs. Gamma-glutamyl hydrolase (γ-GH) is a lysosomal enzyme that catalyzes the cleavage of natural folylpoly-γ-glutamates, as well as that of the polyglutamates of several antifolate chemotherapeutic drugs (1) . Cleavage of polyglutamate residues from antifolates, such as methotrexate (MTX), results in the generation of "free" drug, which is less effectively retained within the cell, thereby reducing its cytotoxicity (2) . Increased γ-GH activity has therefore been associated with lower sensitivity to, or resistance against, multiple antifolate drugs (3). These observations and further in vitro (4-6) and in vivo (7-9) studies have suggested that γ-GH activity may be clinically relevant as a possible prognostic marker for the efficacy of chemotherapy in several cancers such as childhood leukemia, for which antifolate therapy is widely used.
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Several methods have been developed for the determination of γ-GH activity in cells (10−12) . Current protocols measure γ-GH activity by incubating cell extracts in the presence of (radiolabeled) MTX polyglutamates A rapid assay for the quantitation of γ-glutamyl hydrolase using a fluorogenic peptide as substrate BENCHMARKS and quantitatively analyzing the cleavage products using high-performance liquid chromatography (10) or capillary electrophoresis (11) . However, while these methods are adequate for end point analysis of enzymatic activity in a small number of samples, they are relatively cumbersome and slow, and ill suited for the analysis of clinical samples. A colorimetric assay (12) has also been described, but it requires three enzymatic steps. Like the assays using radiolabeled substrates, this technique does not allow real-time monitoring of enzyme activity.
Here, we describe a novel method for measuring γ-GH activity in whole cell lysates in real time that is both rapid and effective. By using a newly synthesized, internally quenched fluorogenic peptide, N-Me-pAB-Glu-γ-Glu-γ-Tyr(3-NO 2 ) (13), as a specific γ-GH substrate, the enzymatic activity of multiple samples can be determined continuously by monitoring the increase in fluorescence from the hydrolysis of the peptide. The activity can then be quantitated with the aid of a standard curve. The substrate is specific for γ-GH in so far that it is not cleaved by glutamate carboxypeptidase II/Nacetylated-α-linked acidic dipeptidase (NAALADase) (J.J. Pankuch and J.K. Coward, unpublished observations).
To determine γ-GH enzymatic activity, 85 µL of assay buffer consisting of 50 mM sodium acetate, pH 5.5, with 50 mM β-mercaptoethanol, and 10 µL cell lysate (containing 50 µg protein) or purified enzyme (50−400 ng protein) were added to each well of a 96-well microtiter plate. The reaction was initiated by the addition of 5 µL of the 100 µM fluorogenic substrate N-Me-pABGlu-γ-Glu-γ-Tyr(3-NO 2 ) (dissolved in 50 mM sodium acetate, 50 mM β-mer- 95% confidence intervals (------) were determined with the aid of the Prism3 ® software package (Graphpad, San Diego, CA, USA). The specific activity of the purified γ-GH used was 0.23 nM/min/µg of MTX generated from MTX-G2 as determined by capillary electrophoresis.
captoethanol, pH 5.5) to each well. Fluorescence measurements were started immediately and were repeated at 5-min intervals over a period of 50 min at room temperature on an LS50B luminescence spectrometer (Perkin Elmer, Boston, MA, USA) with the following settings: 325-nm excitation wavelength, 415-nm emission wavelength, 10-nm bandpass, and 0.1 s/well read time. To generate a standard curve, pure human baculovirus-produced recombinant γ-GH enzyme (14) (generously provided by Dr. Thomas Ryan, Wadsworth Center) was used. The activity of various amounts of the enzyme was determined by incubating in the presence of the fluorogenic substrate and measuring fluorescence at 5-min intervals for 50 min. The raw fluorescence data were corrected for nonspecific background fluorescence by subtracting the average fluorescence values obtained from replicate wells that contained the complete assay mixture except for enzyme. No changes of background fluorescence were detected over time. As demonstrated in Figure 1 , fluorescence increased linearly as a function of enzyme concentration ( Figure 1A ) and time ( Figure 1B) up to the limits shown in the graphs. Standards containing the largest amounts of γ-GH protein produced the greatest levels of fluorescence as demonstrated by the increasing slopes in Figure 1B . At higher enzyme concentrations (>400 ng) or longer incubation times (>40−50 min, depending on enzyme concentration), however, the results started to deviate from linearity and exhibited saturation behavior, presumably due to substrate depletion (data not shown). By plotting the change in fluorescence over time (i.e., the slopes from Figure 1B) or the fluorescence at a single time point (end point method) as a function of γ-GH protein quantity (Figure 1, C and D, respectively) , a standard curve can be generated that shows a linear response over a broad range of enzyme activities and can therefore be used to quantitate γ-GH activity in whole-cell lysates. Assessments of inter-assay variability ( Figure 1 , C and D) revealed small standard errors and 95% confidence intervals, showing that the assay is highly reproducible. Together, these data indicate that the assay is suitable for the quantitative assessment of γ-GH activity.
To evaluate its practical usefulness, this method was used to screen for γ-GH transgene expression in whole-cell lysates from MCF7 cells (ATCC, Manassas, VA, USA) that had been stably transfected with a human γ-GH expression construct (16 clones) or the corresponding empty control vector (2 clones) (E.L. Volk and E. Schneider, unpublished observations). Lysates were prepared from cells that were seeded on 10-cm plates and grown to 70% confluence at 37°C in improved minimal essential medium, Richter's modification, containing 10% fetal bovine serum. Cells were washed twice in phosphate-buffered saline and scraped into buffer containing 0.1 M Tris-HCl, pH 6.0, 0.1 M β-mercaptoethanol, and 0.1% Triton ® X-100. Samples were evenly dispersed in the buffer and frozen at -80°C. Lysates were thawed and 10-µL aliquots containing 50 µg protein were incubated in the presence of the fluorogenic substrate. Similar to the results with the purified enzyme, cell lysates yielded a linear increase in fluorescence detected as a function of time. The fluorescence at 30 min or the slopes of the curves (i.e., the rates of fluorescence production) were used to calculate the amount of enzyme in the lysates from appropriate standard curves that had been established in parallel. Both methods gave similar results. Each cell lysate was analyzed three times in triplicate on different days. The results were reproducible with an average 14% coefficient of variation (CV) across the three experiments. To compare the new assay with an established assay, each cell lysate was also analyzed by capillary electrophoresis as previously described (15) . As shown in Figure 2 , there was a good correlation between the results obtained with the two assays. Furthermore, the three samples with the highest activity in both assays were from cells from three individual clones that had been transfected with γ-GH, indicating that the transfection had been successful. Thus, the assay proved to be useful as a rapid screening method to identify transfected clones that exhibited γ-GH overexpression.
In conclusion, we have expanded upon the current methodology for the measurement of γ-GH activity in whole-cell lysates. The recently synthesized γ-GH-specific fluorogenic substrate has allowed the development of a rapid detection assay that quantitates the continuous rate of enzymatic γ-linked polyglutamate cleavage using fluorescence measurements. The results are comparable to those obtained with a more conventional assay, and, when used with a standard curve, allow the calculation of absolute amounts of γ-GH protein present in a cell extract. The use of this easy method in a microplate format allows rapid, simultaneous, and reproducible analysis of multiple experimental and clinical samples to further enhance our understanding of the role of γ-GH in chemotherapeutic efficacy.
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We thank Dr. Thomas Ryan for providing the purified human γ-GH enzyme and the Wadsworth Center's Biochem- Figure 2 . γ-Glutamyl hydrolase activity in whole cell lysates. Cell lysates obtained from untransfected and γ-GH transfected MCF7 cells were prepared and assayed for γ-GH activity either by the method described herein or by capillary electrophoresis. Each lysate was measured three times in triplicate with the present method and once in triplicate by capillary electrophoresis. The results from both methods were normalized to those from untransfected MCF7 cells and the relative values from each method graphed against each other. r 2 =0.869; P value for correlation <0.0001. Streptomyces species produce important drugs such as antibiotics, immunosuppressants, and antitumor compounds. The isolation of genomic DNA is imperative for the understanding of the biosynthesis of these compounds and has led to the rational design of new analogs (1−5) . Streptomyces are Gram-positive bacteria, making DNA isolation difficult due to their resistance to cell lysis (6, 7) . Most methods use lysozyme and sodium docecyl sulfate (SDS) for cell disruption. To further increase lysis, glycine is often incorporated into media to minimize peptidoglycan cross-linking; muramidases such as mutanolysin or grinding of mycelia are also commonly used (1,8−10) . Compared with DNA isolation methods for Escherichia coli, most methods are time-consuming or low yielding, or give low-quality DNA (1). This report details an improved method for DNA isolation from Streptomyces species using achromopeptidase, lysozyme, and SDS for cell lysis that results in higher yield compared with current standard methods.
The addition of achromopeptidase was prompted by its use in protoplast generation in Streptomyces, suggesting that it interacts with the cell wall of the bacterium (11) . It has also been used in the lysis of other Gram-positive organisms (12, 13) . Presumably the mode of action of the protease in Streptomyces is to cause disruption of the peptidoglycan layer through cleavage of N-acetylmuramoyl-L-alanine amide bonds together with D-Ala-Gly and Gly-Gly bonds as reported for Staphylococcus aureus (14) . When incubated simultaneously with lysozyme disrupting glycosidic linkages in the polymer, the resulting bacterial structures are more susceptible to SDS lysis. The increase in cell lysis would lead to an increase in DNA concentration for purification in the later stages of the protocol. 
